Racial, ethnic, and socioeconomic disparities in health care and health outcomes are well documented. Disparities research is evolving from documenting these disparities, to understanding their causes and mechanisms, and finally to conducting interventional research to reduce or eliminate disparities. Unfortunately, few studies to date have demonstrated substantial reductions in health outcomes disparities.
Health disparities are pervasive and persistent. Several decades of research have documented disparities in care and outcomes across a wide variety of clinical conditions. [1] [2] [3] Health disparities have been documented between racial/ethnic groups, rural/ urban and other geographic settings, as well as for socioeconomic status and for the uninsured. 4 The most pervasive and deadly health disparities in the United States have been documented along racial lines. More than 80,000 lives each year could be saved just by eliminating the black-white mortality gap in America. 5 Racial and ethnic disparities have been found across all age/gender groups and geographic regions, in all health care settings, at all levels of care, and across all dimensions of quality. 6 When poverty, non-white race, non-English language, lack of insurance, and underserved community all coexist, the inequities are compounded. This creates a continuum of disparities beyond just race, ranging from low-disparity populations (upper-income, white, suburban, well educated, and insured) to high-disparity populations (low-income, uninsured, minority race, and rural or innercity community).
Although the existence of health disparities has been proven, the job of documenting disparities is not finished. More frequent measurement of disparities could provide ongoing monitoring of progress at the national level, and more microsurveillance could document disparities at state and local levels. 7 The biggest gap in disparities research, however, is that very few interventional studies have demonstrated significant reductions in health disparities. The primary focus of disparities research must now be to test interventions that will actually reduce or eliminate health disparities.
Although there is a robust literature of research on quality improvement and health promotion, none of this research to date has had a significant impact on reducing health disparities. Therefore, we sought to identify from the literature some of the research strategies that might have greater po-tential to move the needle on eliminating health disparities, with an emphasis on real-world, community-level, or practice-based research in primary care settings serving high-disparity populations. High-disparity populations (ie, low-income, uninsured, and/or minority populations suffering disproportionate morbidity and mortality because of health disparities) often receive care in safety net settings. In fact, there is some evidence to suggest that practices proactively serving high-disparity segments of the population (eg, community health centers and Veteran's Health Administration sites) actually achieve lower disparities or near-equal care across black/white and uninsured/insured strata of their patients, even though they both serve disproportionately low-income and minority (ie, highdisparity) populations. 8 -11 Unfortunately, when care received both inside and outside the Veteran's system (ie, Veteran's Health Administration plus Medicare) is measured, disparities reemerge. 12, 13 What is lacking are studies demonstrating the effectiveness of an explicit intervention designed to eliminate an established baseline disparity within these or other practice settings.
Mold and Peterson have described primary care practice-based research networks as working at the interface between research and quality improvement. 14 The National Institutes of Health (NIH) Roadmap, first unveiled by NIH Director Elias Zerhouni in 2003, has provided the opportunity for primary care practice-based research to play a central role in the "transformative" new translational strategies envisioned by the roadmap. 15 In the same way, practice-based research in primary care settings that serve high-disparity patient populations provide an essential interface between research and eliminating health disparities.
Here are 12 potential strategies that could help primary care researchers to move the needle on health disparities. These are listed in Table 1 , where they are contrasted with characteristics of more traditional research models.
Translation-Squared in Real World, HighDisparity Settings
The first gap that practice-based research can address is the need to conduct disparities research in the settings that serve high-disparity communities (rather than resource-enhanced academic settings or closed-panel HMOs). A translation-squared research strategy applies interventions to high-disparity patient populations in underresourced safety 16 Translational research has traditionally taken discoveries from the bench to the bedside, but the new challenge is to take research out to the curbside and the countryside. 17 Conducting research in these settings generates more unique challenges than in the academic environment and requires different resources, staffing, and skill sets. 18 Unfortunately, most NIH-funded research is not conducted by primary care generalists, 19 and most quality improvement interventions are not specifically designed for high-disparity populations. In a recent systematic review of quality improvement intervention trials that included mostly ethnic minority patients, researchers found that most interventions did not specifically target the needs of minority patients, and the studies did not address which strategies are most effective in reducing disparities between minority and white patients. 20 The review suggested distinguishing between interventions targeting overall quality of care versus interventions specifically targeting disparities in care for racial/ethnic minority populations (such as reducing provider bias or improving intercultural communication skills).
Diverse Teams
A second deficit that practice-based research could address is the relative lack of underrepresented minority investigators on most research teams. Disparities research conducted by nondiverse teams of investigators at majority-dominant institutions may have unconscious bias or blinders in its design (who asks the research question?) or its interpretation (who says what the results mean?). For many years, the National Household Survey of Drug Abuse was cited as showing African Americans at high risk for crack cocaine use. In 1993, JAMA published LillieBlanton's reanalysis of precisely the same database in which she added one covariate that completely changed the conclusions. 21 Whereas previous studies had controlled for individual education and socioeconomic status, the authors added neighborhood characteristics to the multivariate analysis, and the racial differences disappeared. Given a poor neighborhood, whites were at least as likely as persons of color to use crack cocaine. The original analyses had the effect of tagging a racial group as high risk for a negative behavior. By asking a more nuanced research question, Lillie-Blanton identified a variable (neighborhood poverty) which could potentially be improved by intervention, dramatically changing the policy implications.
Diverse teams with investigators who are racially and culturally representative of the populations being studied may better capture the subtle nuances of race, ethnicity, culture, poverty, health, and resiliency. However, less than 1% of NIH research grant dollars are currently funding underrepresented minority investigators. 22, 23 Although nearly 26% of the US population is composed of African American, American Indian, Hispanic, or Latino people, 24 only 6.4% of US physicians and 7.2% of US medical school faculty are from these groups. Most of the underrepresented minority faculty are at lower academic ranks such as clinical instructors. 25, 26 In contrast, clinicians practicing in safety net settings that serve minority populations are significantly more likely to be representative of the populations they serve. 27 Therefore, participation of these clinicians in practice-based research networks can substantially add diversity to the disparities research team.
In Partnership with Communities
In the words of NIH Director Elias Zerhouni, "as disease burden has shifted from acute conditions to chronic conditions primarily seen in community rather than tertiary centers, new approaches for forging relationships with local and regional community partners will become increasingly critical." 28 In other words, research must be conducted not only in community settings but in partnership with communities. Communities are not laboratories. Disparities research must be conducted in partnership with communities to ensure that the interventions are community-responsive and that the interpretation of results resonates with the community's understanding of what the data mean. This implies bidirectional communication, treating community-based practitioners and their patients as the true experts in local realities, involving them and their communities in the development of culturally relevant solutions and interventions. Wallerstein and Duran have described this partnership by defining community-based participatory research as "an orientation to research that focuses on relationships between academic and community partners, with principles of colearning, mutual benefit, and long-term commitment and incorporates community theories, participation, and practices into the research efforts." 29 There also is often a profound mismatch in resources and power between the research institution (even smaller minority institutions) and the community-based organizations or practices with whom they partner, requiring a conscious discipline of partnership (share the power, share the money, share the data, share interpretation, and share a longterm commitment) to overcome these structural inequities. 30 
Shift Focus from Provider Behaviors to Systems Change
Systems change means reengineering the primary care practice to reset the default setting from "don't do anything unless the doctor orders it," to "do automatically the evidence-based thing the doctor would want to have done." In a meta-analysis of interventions designed to improve immunization and cancer screening rates in primary care settings, Stone et al found that many commonly used quality improvement methods were relatively ineffective compared with systems-level or organizational change. 31 Within the practice, systems change will often mean moving care processes upstream to nurses (via protocols), to front-desk staff (handing out ageand gender-specific patient education materials), and into the waiting room (self-scoring depression scales or cardiovascular risk kiosks). [32] [33] [34] [35] It also will mean using the power of information systems to improve direct patient care (but more than just electronic prompts or reminders). 36 The frequency of "missed opportunities" in primary care visits is embarrassingly high for disparities-relevant services such as giving adult immunizations, diagnosing depression, or intensifying the regimens of patients with partially controlled hypertension or diabetes. The key is to make good care automatic. 37 For example, point-of-care testing done by nurses automatically on every patient visit so that the result is on the chart at the moment of the physician visit significantly improves both process measures and glycemic control and potentially reduces practice variation that could contribute to health disparities. 38 Systems change has similarly been proven to be effective in improving childhood immunization rates in pediatric practice 39 and depression treatment in primary care settings. 
Blur the Boundaries between Community Health and Practice-based Research
There is an abundance of practice-based research documenting the effectiveness of team approaches to improving quality of care within the primary care practice. However, health disparities have both a medical and a community context. High-risk patients live within a family in a neighborhood, just as the practices that serve them work within the context of structural inequities in a larger health care system. Therefore, to impact disparities in population health outcomes, interventional disparities research cannot be confined to projects conducted within the clinic walls. This means moving beyond traditional practice-based research by building explicit care-sharing partnerships with public health units and with community-based pharmacists, nurse care managers, behavioral health professionals, hospital nutritionists, physical therapists, etc. Various studies, for example, have shown dramatic improvements in chronic disease outcomes that can be achieved by building bridges between communitybased pharmacists and the primary care practice. [41] [42] [43] The primary care team can extend even further into the community by training community health workers or "promotoras" for specific neighborhoods or subgroups of the community. People from the same culture, neighborhood, and economic level are often much more powerful change agents for health behavior than are physicians or professional health educators, whose role is not eliminated but rather changed to train and support the community health workers. 44 -46 The primary care team can also extend into the community by creating specific venues (health clubs, churches, hair salons/barber shops, Internet cafés, etc) for interacting with people outside of the practice, 47, 48 focusing especially on segments of the community that may never appear in the examination room, ie, those who are currently not focused on their own health (eg, men) 49, 50 or not connected with routine care in a primary care home (eg, the uninsured and underserved). 
Measure Community-level, Population Health Outcomes
Just as interventions to reduce health disparities cannot be confined within the clinic walls, outcome measures must move to the population level as well.
In other words, disparities reduction research can move beyond measuring process measures on patients within practices to measuring population health outcomes for high-disparity populations at the local-area community level. Many studies have improved documentation of environmental trigger counseling or peak flow testing within a safety net primary care practice, but to reduce disparities, this should ultimately translate into reductions in emergency department visits and hospital admissions for low-income children living within the zip codes served by that health center. Some of the current initiatives in Medicaid disease management have begun to show some improvements in populationlevel health outcomes for specific diseases, but results have been mixed. 52, 53 A better example of improving health outcomes community-wide is a project designed to reduce adverse cardiovascular outcomes in the North Karelia region of Finland. This project was initiated in 1972 in response to requests from the population to address high levels of coronary artery disease. A comprehensive, community-coordinated intervention was developed to address multiple cardiac risk factors. Blood pressures and cholesterol levels declined community-wide, and cardiovascular mortality declined by 75% over 25 years. 54 Although cardiovascular mortality declined nationwide in Finland, the improvements in the North Karelia region were significantly greater. 55 Although the United States has also experienced some similar public health successes for the broader population, there has been to date no specific intervention in the United States that has rigorously demonstrated the ability to reduce health outcome disparities (eg, black/white disparities rate ratios, for example) on a zip code, county, or metro-area level.
Whole-Person Outcomes Amid Complex CoMorbidities
Interventions focused on single-disease guidelines are only meaningful for patients with only one disease. In high-disparity populations, co-morbidities abound. Most primary care patients have multiple chronic diseases and risk factors as well as common co-morbid mental health conditions. 56 -59 It is precisely the patients with the most co-morbidities who are likely to contribute the most to disparities in health outcomes. A typical primary care patient has depression, hypertension, hyperlipidemia, obesity, and diabetes-but reductionistic research models select unrepresentative sets of patients with unnecessary exclusion criteria or target single problems with single interventions. Research designed to reduce or eliminate health disparities must focus on the complex mix of health disparities experienced by individual persons, not just isolated disease states. 60 In the North Karelia project cited above, the focus on reducing multiple behavioral risk factors all at the same time not only impacted cardiovascular deaths but later demonstrated similar declines in lung cancer deaths as a result of decreased smoking. 61 
Triangulate Interventions on Practice, Patient, and Community
Traditional experimental study designs test one isolated intervention, holding all other variables constant. Because patients in high-disparity groups are medically complex and their disparities are linked to complex social factors, no single intervention is likely to make a meaningful difference in reducing health disparities. Attacking the complexities of health disparities will require multidimensional, comprehensive interventions at the practice level (in the context of their local health care system). These multidimensional interventions can then triangulate on improved outcomes from at least three directions: the provider, patient, and community.
Satcher and Rust recently published a threedimensional model for reducing disparities in lung health which illustrates this approach. 62 For example, asthma is a high-disparity condition for which most adverse outcomes are largely preventable. Improving clinical practice to accurately stage patients and provide daily inhaled corticosteroids can significantly reduce hospitalizations. Individual behaviors such as daily peak flow testing and empowered self-management can also significantly improve outcomes. At the systems level, patients who have access to a primary care home, rather than using hospital emergency rooms as their primary source of care, also have significantly better outcomes. Finally, interventions in the home and in the surrounding community can reduce secondary smoke exposure, dust mite and cockroach antigen, and diesel fumes from school buses idling their engines outside the classroom. The National Cooperative Inner City Asthma study is an example of such a multidimensional intervention that triangu-lated on the provider in the microsystem of his/her practice and local health care system, the person in the context of his/her family and social networks, and both provider and patient within the larger context of their community. 63 Similarly, the Forsyth County Cancer Screening Project combined interventions reaching into public health and primary care practices with community outreach interventions and achieved significant increases in both breast and cervical cancer screenings in the target community relative to a control community. 64 
Dynamic versus Static Interventions
The traditional experimental study design also typically requires that the intervention is held constant throughout the study. A static, unchanging intervention is poorly suited to the complex and even chaotic environments of safety net primary care practices and precludes the opportunity for learning, adaptation, response to feedback, and continuous improvement. Interventions that are adapted to local conditions, respond to changes in the environment, and are continuously refined based on experience and on-going feedback of outcomes measures are much more likely to reduce health disparities. The process, structure, and parameters for such change can still be defined explicitly to allow for rigorous testing and research replicability. In the quality improvement literature, this is often described in terms of repeated iterations of the plan-do-study-act cycle. Interestingly, the Breakthrough Series Collaboratives reported that this multicycle rapid-change model achieved better quality and outcomes improvements in the safety net community health centers than they did in more highly resourced private sector settings. 65 Although this model is now being replicated in centers across the country in an initiative called the Health Disparities Collaboratives, the primary focus is on quality of care and health outcomes such as glycemic control across the health center's entire patient population (ie, the reduction in disparities will come from universally improving care for a de facto high-disparity patient population, as opposed to reducing disparities rate ratios within the practice). 66 
Rapid Cycle Time
Disparities research is evolving also from academic cycle time to rapid-change cycle time. A typical grant-funded research project has a 3-to 5-year cycle time to design, implement, evaluate, and disseminate one intervention. Bodenheimer et al found that the practice-based research model could often be a barrier to real-world quality improvement, in part because of the slower cycle time generated by Institutional Review Board approval and patient enrollment/informed consent requirements. 67 In contrast, effective quality improvement programs emphasize rapid-cycle change using plan-do-study-act feedback loops. Disease management programs typically receive weekly or monthly data feeds, which provide rapid-cycle feedback on the effectiveness of current interventions.
Eliminating disparities demands this rapid cycling of measurement, intervention, remeasurement, redesigned interventions, remeasurement, etc. These rapid-cycle feedback loops cannot be "tacked-on" as chart audits or disease registries but must be built into the systems and processes of care at every level. Zhang et al showed that the implementation of a rapid-cycle computerized concurrent data feedback system was a key element in improving in-hospital care for acute myocardial infarction. 68 Adopting this rapid-change model, the Robert Wood Johnson Foundation "Urgent Matters" program encouraged participating emergency departments to implement at least one systems change per week over the course of a year, resulting in improvements of more than 50% on specific measures such as waiting time in the emergency department or time from clinical decision to clinical action. 69 Perhaps similar results could be achieved with rapid-cycle feedback loops between the primary care practice and emergency department to reduce racial/ethnic disparities (or uninsured vs insured disparities) in measures such as emergency department visits for uncontrolled hypertension or diabetes.
Demand Scientific Rigor but Redefine Scientific Rigor to Include New Methods for Measuring Impact in Complex, Dynamic Systems
Improving disparities in real-world settings is challenging enough, but proving that a specific intervention was responsible requires sufficiently robust research design and analytical models to prove that the interventions can actually reduce health disparities in real-world settings. Although complicated to manage, we have demonstrated that it is possible to conduct a rigorously designed, group randomized controlled trial of interventions across many safety-net primary care practices in multiple states.
Additional examples of ongoing projects include a randomized controlled trial with factorial design related to blood pressure adherence in clinics in Baltimore 70 and a randomized controlled trial of a patient-centered, culture-specific quality improvement program to improve depression care and outcomes in urban, community-based clinics in Delaware and Maryland. 71 However, the group-randomized controlled trial design, although most scientifically rigorous, is both cumbersome and expensive and unlikely to lead to rapid-cycle testing of enough interventions to significantly reduce or eliminate health disparities. Real-world disparities research will require alternative study designs and statistical methods that have sufficient rigor to test rapidly evolving, multidimensional interventions adapted to local community needs in a cost-effective manner. Some of these methods will include mixed-methods research, time-series analyses of frequent measures, and multilevel or clustered analysis. 72, 73 Recently published books by Blumenthal and Crosby provide an excellent overview of these alternative study designs and analytical methods. 74, 75 Optimal study design is not only driven by research rigor but also by a sense of partnership with communities. For example, a randomized controlled trial of a disparities intervention versus a placebo or sham intervention is more fair to both communities if there is a commitment to replication of beneficial aspects of the program in the control community. Therefore, community-based interventions will often include a crossover design, or phased stages of implementation, to assure benefit to both intervention and control communities.
Test
Interventions that Are Replicable, Scalable, and Sustainable in Real-World, Underresourced Settings that Serve High-disparity Populations Many translational intervention models are replicable (achievable in highly motivated practices with additional resources) but not scalable (adaptable to all practices through systematic adoption). Scalability once referred primarily to expansion of information technology systems to large numbers of users but is now increasingly being used to describe the programmatic and human dimensions of expanding health programs to scale, 76 even community-based programs that have no IT component at all. 77 Even interventions that are tested in real-world settings may not be scalable or sustainable when research grant funding is withdrawn. For example, Love and Spiegel noted that, "although the [inner city asthma project] proved successful, moving from a research design to the real world of implementation was difficult." 78 Ultimately, real-world reductions in health disparities will require interventions that are not only effective and replicable but scalable and sustainable across most of the diverse practices that serve high-disparity patient populations in real-world settings. For example, a protocol-driven HbA1c point-of-care testing program, which redesigns work flow to make improved care automatic and which balances new tasks with the elimination of inefficiencies or unnecessary work, could be adopted by hundreds of centers simultaneously with limited external stimulus.
Conclusion
The 12 strategies discussed in this article are not without challenges. Linking interventions to community-level outcomes can be costly. Using multidimensional interventions in real-world settings may reduce replicability because each setting may require new adaptations of the model. Assuring meaningful community partnership (not just participation) can increase costs and lengthen, rather than reduce, cycle times, at least initially.
On the other hand, the bulk of research to date has not significantly reduced disparities, especially at the community or population level. The challenge for disparities researchers in the 21st century will be to show, at the level of an entire zip code or county, and then an entire state, and ultimately for the nation, that we can substantially reduce disparities not just in quality of care but in health outcomes across all racial/ethnic groups and achieve health equity for all.
